This study compares outcome of reduced-intensity conditioned transplant (RIT) with outcome of conventional nontransplant therapy in patients with Hodgkin's lymphoma relapsing following autograft. There were 72 patients in two groups who had relapsed, and received salvage therapy with chemotherapy ± radiotherapy. One group (n ¼ 38) then underwent alemtuzumab-containing RIT. The second group-historical controls (n ¼ 34), relapsing before the advent of RIT-had no further high-dose therapy. This group was required to respond to salvage therapy and live for over 12 months post-relapse, demonstrating potential eligibility for RIT, had this been available. Overall survival (OS) from diagnosis was superior following RIT (48% at 10 years versus 15%; P ¼ 0.0014), as was survival from autograft (65% at 5 years versus 15%; Pp0.0001). For the RIT group, OS at 5 years from allograft was 51%, and in chemoresponsive patients was 58%, with current progression-free survival of 42%. Responses were seen in 8 of 15 patients receiving donor lymphocyte infusions (DLI) for relapse/progression, with durable remission in five patients at median follow-up from DLI of 45 months . These data demonstrate the potential efficacy of RIT in heavily pretreated patients whose outlook with conventional therapy is dismal, and provide evidence of a clinically relevant graft-versus-lymphoma effect.
Introduction
It has been demonstrated that high-dose therapy with autologous stem cell rescue can successfully salvage many patients with relapsed or refractory Hodgkin's lymphoma (HL), with two randomized studies demonstrating the superiority of such treatment over conventional dose salvage chemotherapy. 1, 2 In contrast, results with myeloablative allogeneic transplantation in HL have been disappointing, with high nonrelapse mortality (NRM) . No randomized studies comparing autologous transplantation and allogeneic transplantation exist, but a retrospective European Group for Blood and Marrow Transplantation registry study reported improved outcome post-autograft, and this has become the consolidation of choice in relapsed or refractory disease. 3 Despite the success of autologous transplantation, there remains a cohort of patients whose disease progresses/ relapses following transplant, and the outcome in this group is extremely poor, with a median survival postrelapse of less than 1 year. 4, 5 With the advent of reduced-intensity conditioning regimens, there has been renewed interest in allogeneic transplantation in poor-risk patients with HL. 6, 7 We previously reported a series of reduced-intensity allogeneic transplant (RIT), where a proportion of patients had failed a previous autograft. This showed encouraging estimated overall survival (OS) of 56% at 4 years with 2-year NRM of 16%. 8 The current study aims to compare the outcomes for those patients with HL who relapsed following autograft and received RIT, and a historical control group of patients with HL who relapsed following autograft and received standard treatment of chemotherapy ± radiotherapy.
Materials and methods

Patients
Data were collected on all patients regarding date of diagnosis, age, histological subtype, lines of therapy pre-autograft, date of autograft, time to relapse following autograft, treatment following relapse, time to and cause of death.
For the RIT group, data were also collected on donor type, stem cell source, disease status prior to allogeneic transplantation, occurrence of acute and chronic GVHD, chimerism analysis, time to relapse, dose of and indication for donor lymphocyte infusions (DLI), response to DLI, time to and cause of death.
Control group. Patients who had relapsed following an autograft for relapsed/refractory HL performed at University College London Hospital between 1990 and 1996 were identified from a database of all autografts performed. This centre performed 60% of the allogeneic transplants in the present series. All patients had received conditioning with BEAM, as previously described 1 before the return of bone marrow or peripheral blood stem cells. Case notes of relapsing patients were then retrospectively analysed.
Treatment following relapse was with conventional salvage therapy using chemotherapy±radiotherapy, no patients receiving RIT. Patients relapsing following autograft were included only if they responded to salvage therapy and lived for at least 1 year following relapse. In this way, it is intended that only those patients who would have been eligible for RIT had this been available were included. By these methods, 34 suitable patients were identified, representing 44% of the total relapsing. Two patients relapsed at a time when the RIT programme had just commenced and declined the offer of this treatment.
RIT group. A total of 38 patients treated with RIT following failure of prior autologous transplant were entered into a prospective phase II trial conducted at seven centres in the United Kingdom between 1998 and 2004. All patients gave signed informed consent. Allogeneic transplantation was performed at a median of 11 months from the time of relapse post-autograft.
Median follow-up for surviving patients was 49 months (10-88), with 16 months of additional follow-up from the previous report of Peggs et al. 8 Donors were HLA-matched related in 24 of 38 (63%), and unrelated in 14 of 38 (37%), of whom 3 were HLAmismatched at up to two loci. A total of 34% patients (13 of 38) were in chemorefractory relapse at the time of RIT.
Conditioning was with fludarabine 150 mg/m 2 , alemtuzumab 60-100 mg and melphalan 140 mg/m 2 before reinfusion of unmanipulated bone marrow (7 of 38; 18%) or granulocyte colony-stimulating factor-mobilized peripheral blood stem cells (31 of 38; 82%), as previously described. 8 Prophylaxis for GVHD was with cyclosporin at 3 mg per kg per day from day 1, and was reduced from 3 months after transplant, in the absence of significant GVHD.
Supportive care was with anti-fungal prophylaxis and treatment according to institutional guidelines, and all patients also received prophylaxis against Pneumocystis carinii pneumonia. Patients were screened regularly post transplant for the presence of CMV infection by PCR detection of viral DNA in peripheral blood, or by the detection of viral pp65 antigenemia. Pre-emptive anti-viral therapy was given according to institutional guidelines.
Chimerism analysis was performed by PCR assay of informative minisatellite regions from 3 months post transplant, at three monthly intervals for at least the first year. Disease re-staging using computed tomography (CT), positron-emission tomography (PET) or combined modality imaging (CT-PET) was also performed at regular intervals from 3 months, the modality chosen varying according to local policy. Although regular assays continued, the interval of re-staging and repeat chimerism analysis increased beyond the first year, and were partially dictated by the findings of previous tests and the monitoring of immune intervention with DLI. Patients were eligible for DLI for residual, relapsed or progressive disease, or mixed chimerism from 6 months post transplant, in the absence of active GVHD, and DLI were administered in escalating doses every 3 months if no response was achieved and no GVHD induced. The starting dose varied according to donor type and indication, but a minimum of 1 Â 10 6 per kg recipient weight CD3 þ cells were infused as a first dose.
Statistics
Patient characteristics were compared using the unpaired Student's t-test. Actuarial curves were estimated for OS and current progression-free survival (cPFS) according to the Kaplan-Meier method, and univariate analyses were performed on subgroups using the logrank test. In the allograft group, patients with relapsed or progressive disease who responded with a partial or complete remission to DLI without subsequent progression were censored at the last follow-up date in the analysis of cPFS. NRM was defined as death post transplant from all causes other than relapse and was estimated according to the cumulative incidence method, with relapse defined as a competing risk.
Results
Patient characteristics
There were no statistically significant differences in age, disease subtype and lines of prior therapy pre-autograft between the two groups ( Table 1) . Median time from diagnosis to autograft was 18 months (7-139) for the RIT group and 20 months (4-185) for the controls (P ¼ 0.44), and from autograft to relapse was slightly longer for the RIT group at 13 months (2-56) compared to 10 months (3-40) (P ¼ 0.04).
Survival
Overall survival from both diagnosis and autograft was significantly better in the RIT group, with actuarial survival at 10 years from diagnosis of 48% compared to 15% (P ¼ 0.001), and survival at 5 years from autograft of 65% compared to 15% (Pp0.0001) (Figure 1 ). Of the group treated with chemotherapy ± RT alone, only 1 of 34 patients is currently alive and in remission, with 1 further patient alive with progressive disease. Median survival from relapse for this group was 23 months.
For the group receiving RIT, actuarial survival from the time of allograft was 68% at 1 year and 51% at 5 years ( Figure 2a) , with 12 patients dying of relapsed lymphoma, 5 of whom had chemorefractory disease at the time of allograft. Current PFS for the whole RIT cohort was 58% at 1 year and 34% at 5 years ( Figure 2b) .
Outcome in those patients who were at least partially responsive to chemotherapy (25 of 38; 66%) was particularly encouraging, with OS at 5 years of 58% compared to 36% in the chemorefractory group (13 of 38; 34%) (P ¼ 0.108) and cPFS at 5 years of 42% (Figure 3 ) compared to 18% in the chemorefractory group (P ¼ 0.075).
RIT: non-relapse mortality and GVHD Eight patients died of non-relapse causes, giving estimated NRM for the RIT group of 13% at 1 year and 19% at 5 years from transplant ( Figure 4 ). For the 24 recipients with HLA-matched sibling donors, 5-year NRM was only 9%. The causes of death were GVHD in two (one of whom had received DLI for treatment of mixed chimerism), and one case each of systemic adenoviral infection, CMV pneumonitis, bacterial pneumonia, multi-organ failure secondary to sepsis early post transplant, pneumonitis of unknown origin and secondary malignancy.
Before the administration of DLI, 23 patients (60%) developed no acute GVHD, with grade I in 9 patients (24%). Six patients (16%) developed grade II-IV (grade II in four and grade III in two). Five patients developed either extensive (three) or limited (two) chronic GVHD before the administration of DLI. None of the three patients with extensive chronic GVHD had had acute GVHD and the two with limited chronic GVHD had experienced grade I acute GVHD only.
RIT: DLI responses for relapse Disease relapse or progression occurred in 21 patients following RIT, 15 of whom received DLI. Three of the six patients who did not receive DLI developed rapidly progressive recurrence very early post transplant (within 3 months for two, both of whom were chemorefractory prior to transplant), and the remaining three had already developed GVHD, so DLI were precluded. For the other 15 patients, donor lymphocytes were given with a dose range of 1 Â 10 6 to 3 Â 10 8 per kg CD3 þ cells, escalating threefold each time to disease response or limiting GHVD. Five of the patients had disease relapse that was chemorefractory prior to transplant. Responses occurred in eight of the fifteen patients given DLI, only one of whom had received prior debulking chemotherapy ( Table 2 ). These responses were strongly associated with the development of significant GVHD, six of the eight having either at least grade III acute or extensive chronic GVHD. Of the seven non-responders, no extensive chronic GVHD was seen, and grade II (two patients) was the maximum acute GVHD.
Of the eight responding patients, one died of GVHD, two subsequently progressed (including the patient who had received prior chemotherapy), and the remaining five are in ongoing CR, at a median follow-up from DLI of 45 months (28-55).
RIT: DLI responses for chimerism Donor lymphocytes were given to five patients for persistent mixed chimerism at a starting dose of 1 Â 10 6 per kg CD3 þ cells. Three patients converted to full donor haemopoeisis in the absence of GVHD, two of whom required serial escalation to 3 Â 10 6 and 1 Â 10 7 per kg respectively. One patient died of grade IV acute GVHD following DLI at a dose of 1 Â 10 6 per kg, and one patient remains with mixed chimerism, despite the development of limited chronic cutaneous GVHD.
Discussion
These results provide further supportive evidence for the efficacy of RIT in HL. OS both from time of diagnosis and time of autograft were significantly improved following allogeneic transplant, when compared to a historical control group treated with chemotherapy ± RT. While accepting the limitations of non-randomized retrospective studies of this nature, this is an area where no randomized prospective studies exist, and when attempting to assess the efficacy of RIT it is instructive to view the outcome in the context of a comparator group. The comparator group was selected as far as possible to reflect a cohort who would have been considered for and would have survived to such a procedure, had this been available.
There were differences in therapy given, in that more intensive multi-agent salvage (for example ESHAP) was prevalent in the RIT cohort, as the aim here was to get to a further definitive therapy, whereas, for the control cohort for whom RIT was not an option, treatment was less frequently with such therapy. While it might be argued that less intensive therapy could have meant the patients survived for a shorter period of time than might otherwise have been possible, it could also be argued that a better risk group are being selected here, in that only those surviving to 412 months and responding to relatively less intensive treatment were eligible for inclusion in the control group. Had we given more intensive therapy, it could be argued that an additional cohort of patients who were considered too poor risk to be included in the controls in the current analysis would have been eligible for inclusion.
The control group fared extremely badly, with 15% survival at 5 years from autograft and only one patient alive in remission at the time of reporting, despite the patients being selected only if they survived at least 12 months beyond the time of relapse. As the median survival following relapse post-autograft has been consistently reported as less than 12 months in HL, 4, 5 this current group clearly represents a subset with a favourable prognosis relative to relapsed patients in general, and, even allowing for a degree of attrition preventing all of these patients proceeding to RIT, it is rational to argue that those who would have gone on to allogeneic transplant are contained within this group. As only one is currently alive and disease-free, it is not possible to construct a subgroup whose survival would have been comparable to the RIT cohort.
In contrast, OS of the allogeneic transplant group showed a substantial improvement, 51% at 5 years from RIT, and 65% at 5 years from autograft. It should also be noted that the RIT group contained a significant number of patients (34%) who were refractory to the salvage therapy given for post-autograft relapse. These are particularly poor-risk patients and equivalent patients were excluded from the control group.
It is also relevant to note that patients relapsing in the pre-RIT era were treated without curative intent, thus excluding some poorer-risk patients from the control cohort, who would have reached RIT had aggressive systemic therapy been invoked with a view to further high-dose therapy, as is current practice.
Previous experience of allogeneic transplantation in this disease has been disappointing. Myeloablative transplantation has been performed in patients with high-risk disease, but event-free survival at up to 5 years has been only 15-22%. 3, [9] [10] [11] Despite the use of HLA-matched sibling donors, NRM was substantial (48-61%), which accounted in large part for the poor outcomes. It is also relevant that these results were obtained mainly in the absence of prior high-dose therapy, which would be expected to add to toxicity. Several groups have reported studies of myeloablative transplantation in the presence of prior autograft in haematological malignancy and the NRM has been formidable, at consistently 450%.
12,13
The introduction of reduced-intensity conditioning has led, therefore, to renewed interest in allogeneic transplantation in this disease, and although the literature of RIT for HL remains limited, several groups have reported interesting results although with generally short follow-up of less than 18 months. 6, 7, 14 In the current report, a cohort of 38 patients is presented with a median follow-up of 49 months. Estimated OS is 51% at 5 years and cPFS 34%, with cPFS of 42% if in chemosensitive relapse at the time of transplant, suggesting the early promising results might translate into a favourable long-term outcome. Current PFS in the chemorefractory group was 18% at 5 years, with OS of 36%. The role of RIT in chemorefractory disease is unclear, although there is some indication that a subset of even these poor-risk patients may benefit. The outstanding questions are whether benefit truly exists in any group, and if so, whether such benefit is confined to those patients chemorefractory but non-progressive, as opposed to those transplanted with progressive disease. There is also a need to identify how benefit from RIT alters with increasing numbers of lines of therapy to guide how aggressively to pursue response to salvage pre-transplant, and finally, the role of RIT in primary refractory patients remains to be established.
Regarding procedural toxicity, NRM in the RIT reports to date is consistently lower than that ascribed to myeloablative conditioning regimens, despite the majority of these patients having undergone prior autologous transplant. Analyses of the potential negative impact of such high-dose therapy in RIT are scarce, although one reduced-intensity regimen has been reported as having markedly enhanced toxicity when performed in this setting in patients with NHL, 15 and one other study has supported a significant increase in NRM post-RIT in the presence of a prior autograft, at least in patients 455 years of age. 16 The NRM in the RIT group in this study compares relatively well with published data, at 19% at 5 years, with no events beyond the first 18 months. In addition, procedural toxicity in the cohort of 24 patients with HLA-matched sibling donors was particularly low, at 9% at 5 years.
Regarding a graft-versus-lymphoma effect, the existence of a clinically relevant and durable allogeneic response is a prerequisite if this approach is to prove curative. Early studies of myeloablative transplantation provided some evidence suggesting the existence of such an effect, and encouraging data are now emerging from RIT studies, with small numbers of patients receiving DLI for disease relapse following transplant. 17, 18 The durability of the few responses seen remains unclear, with the largest of these series reporting responses in four of nine patients with median follow-up of only 7 months. 18 We previously reported responses to DLI in eight of fifteen patients included in the current analysis (seven complete, one partial). The durability of such responses is an important issue, particularly in view of the association of remission with the development of clinically significant GVHD, treatment of which with steroids may provide a temporary anti-tumour effect. With extended follow-up, five have ongoing complete responses, none of whom had received chemotherapy prior to DLI, with a median time from DLI of 45 months (range 28-55). Given the extremely heavy pretreatment of the RIT cohort, these are very encouraging results.
In conclusion, we report updated outcomes in patients receiving RIT following failure of autograft for HL, and put this in context with the outcome using non-transplant therapy in a comparator group. Given the provocative results with extended follow-up of over 4 years, we would propose that RIT should now be investigated earlier in therapy, for example in a prospective randomization against autologous transplantation in relapsed patients with poor-risk features who would be predicted to do poorly with autograft alone.
